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Abstract 
Biomass plays an important role as renewable energy resource for electricity generation and biofuel. It is necessary to 
study the commercial biomass in 9 provinces of the northern region of Thailand. Information on the status of biomass 
utilization was applied from biomass fuel project management that approach to the use of renewable energy in macro-
level. The study presents that there is low potential of biofuel in this region. Then, explore the cost of raw fuel, 
collection and processing cost, transportation costs, electricity prices, prices of agricultural products, price level of 
agricultural waste, fuel prices, employment and the business of producing biomass energy. After that developed a 
mathematical model is needed to present the impact of the expansion of the production of biomass to changes in 
economic variables, using the regression model to plan and manage the forecasts. The study of carbon dioxide 
emissions using the calculations of Annex 12 Methodological tool (version 01.1) “Tool to calculate the emission 
factor for an electricity system” and create a database, which is the concept of business strategy for new economic era. 
This is a practical guide to implementing an effective supply chain management for biomass in the lower northern 
region of Thailand.
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1. Introduction 
In 2009, energy expenses for Thailand is 47 billion USD (import 58%) which total commercial energy 
use is 1,656 million barrels (oil equivalent) per day. Thailand has total energy generation is 29,212 MW 
in year 2009. The electricity generate from many sources such as Electricity Generating Authority of 
Thailand (EGAT), Independent Power Producer (IPP), Small Power Producer (SPP) and Import, etc. with 
the amount of generating are 14,328 MW, 12,151 MW, 2,092 MW and 640 MW, respectively. However, 
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the top of the electricity generation chart use natural gas more that 70%. Over-reliance on natural gas 
supply which is a key risk area for national electricity generation. The target of renewable energy 
consumption was set at 20.4% of total energy consumption by 2022. There are 4 groups of renewable 
energy as solar + wind, small + mini hydro, bio energy and biofuel. The numbers of capacity for each 
group are 1,300 MW, 320 MW, 4,280 MW and 20% Oil substitution, respectively. Nevertheless, to 
promote the biomass utilization still difficult to collect the biomass as it is scattering which make high 
competitive electricity market, high investment and high cost per unit. 
1.1. Biomass utilization in Thailand 
Presently, biomass is a limited renewable energy resource. It is hard to gather agricultural waste and 
require transportation or logistic. The fuel management is also difficult. In long term, the storage of fuel 
requires huge space and may affect to the fuel quality. Biomass has different moisture and heating value. 
An amount of uncertainty biomass quantity depends on the weather. Increasing of it demand causes 
higher price and biomass shortage. 
Fig.1. Existing biomass potential in Thailand 
In 2022, the target of biomass will set at 3,700 MW. There is total private power producer 373 
projects where VSPP is 341 projects (2,207 MW) and SPP 32 projects (635 MW). 221 projects already 
sign the power purchasing agreement (PPA). The ministry of energy studied an existing of biomass 
potential in Thailand such as cassava rhizome has 156 MW to generate electricity, sugar cane trash 1,931 
MW, oil palm empty bunch 365 MW and corn cob is 92 MW as shown in fig.1. Further project is to 
promote high pressure boiler in order to increase the efficiency of power generation in sugar mills. 
Investigation the potential of biomass resource with geographic information system (GIS) in province/ 
district is also needed. Promotion zone will be study in order to present a race to create a balance of fuel 
supply and build up the participation and understanding of biomass power plant for the community.  
Biodiesel is set in year 2022 for 20.44 million liters per day. Important project of ministry of energy is 
to promote biodiesel for community. Cost reduction of biodiesel production. Focus research on the crops 
production more than food crops such as single cell of algae and using B20 biodiesel in the Southern 
region of Thailand. Next plan is to promote green diesel, study on freshwater algae, cellulose technology 
and looking to be a guideline for increasing the amount of biodiesel consumption in the future. 
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1.2. CO2 emission reduction from agricultural waste 
Presently, the high emission of Greenhouse Gases from human activities, inefficiency fossil fuel 
consumption, loss well-management in logistic and agricultural sector, the high growth expansion of 
industrial sector  as same as the deforestation and other damage of environment resources make the 
climate change quickly and over expectation of the scientists.  Beside economy and social crisis, Climate 
change is one of the World crisis.  
Thailand has committed to United Nations Framework Convention on Climate Change (UNFCCC) 
for the Kyoto Protocol to reduce Greenhouse gases emission, especially in energy sector as it’s related to 
energy security and energy reliance. Hence, the National Economic and Social Development Plan no. 10, 
present Thailand to promote the Renewable Energy and Energy Conservation as Thailand Energy 
development strategy. In Thailand, carbon dioxide emitting fossil fuels are a major source of electricity 
generation. This study is aim to promote the Greenhouse gases emission reduction from the rice husk 
power plant as Thailand is well-known as agricultural based country. There are more than ten million tons 
of agricultural waste and residual per year. The government has launched the policies to promote and 
support electricity from renewable energy. The Ministry of Energy has set a goal of using renewable 
energy for electricity generation in the year 2011 total 3246 MW. However, encouraging the use of 
biomass in the industrial scale still facing the problem of managing the fuel distribution in a given area. 
The effective result is competitive situations to purchase fuel and higher transports costs as well as affect 
the cost of electricity from biomass. Therefore, it must be considered in the environmental benefits of 
producing more electricity from biomass. The ways to reduce carbon dioxide emissions through the Clean 
Development Mechanism (CDM) is an alternative benefit that can be processed. The types of CDM 
projects in Thailand, 18.95 % or 5 biomass projects in the Northern region that has been certified in the 
Program (Letter of Approval: LoA) of total 118 projects in Thailand 
Considering the environmental benefits of producing more electricity from biomass using the 
guidelines to reduce carbon dioxide emissions through the Clean Development Mechanism (Clean 
Development Mechanism: CDM) is an alternative benefit that can be processed. In Thailand,  CDM from 
biomass project is about 18.95 % where the Northern region has only 5 project from total of Thailand 118 
projects that received a letter to the guarantee program (Letter of Approval: LoA). Presently, Thailand has 
been registered by the CDM EB 39 projects, representing 1.61 percent of 2,429 projects worldwide. 
Hence, Thailand can reduce emissions equivalent to the amount of 2,181,137 tons of carbon dioxide 
annually. From this amount it is from biomass project 23.04%. However, there is only 2 projects that has 
received certification of emission reduction (Issuance of CERs) which is a project of electricity 
generation from biomass, that reduces emissions of carbon dioxide about 100,678 tons of carbon dioxide 
equivalent [1]. 
2. Method 
The secondary data and survey agricultural products were collected from Office of Provincial 
Agriculture and Office of Agricultural Economics found that an average agricultural product such as 
paddy, corncob, sugar cane and cassava during 2003 – 2008 in 9 provinces of Lower Northern Region of 
Thailand is about 30,189,351.80 tons per year. The amount of paddy is 7,158,836 tons per year, corn 
1,798,234 tons per year, sugar cane 17,833,652 tons per year and cassava 3,398,630 tons per year which 
is present in percentage as 24, 6, 59 and 11, respectively. 
2.1. Agricultural waste 
Agricultural waste is calculated from an average agricultural product during 2003 – 2008 of paddy, 
corn, sugar cane and cassava by apply agricultural product and biomass ratio which present in table 1.  
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Table 1. Agricultural product and Biomass ratio [2] 
Agricultural 
Product 
Biomass Moisture 
(%) 
Low Heating Value 
(MJ/ kg) 
Biomass Ratio  
 (%) 
Paddy Rice husk 12.00 13.52 21.00 
 Rice straw 10.00 12.33 49.00 
Sugar cane Bagasse 50.73 7.37 28.00 
 Leaf, Top of Sugar cane 9.20 15.48 17.00 
Cassava Cassava waste 80.00 1.47 37.00 
 Cassava peel 67.00 1.49 0.06 
 Cassava rhizome 59.40 5.49 20.00 
Corn Corncob 40.00 9.62 24.00 
 Corn stem 42.00 9.83 82.00 
  Amount of Biomass = Agricultural Product  x  Biomass Ratio     (1) 
From the equation (1) and the agricultural product and biomass ration in Table 1, there is agricultural 
waste or biomass about 17,083,594 tons per year which is from rice husk, corncob, bagasse and cassava 
rhizome totally about 7,608,080 tons per year or from rice husk about 1,503,355.46 tons per year, corncob 
431,576.16 tons per year, bagasse 4,993,422.56 tons per year and cassava rhizome 679,726.06 tons per 
year or biomass percentage is 20%, 6%, 65% and 9% respectively.  
Then, explore the cost of raw fuel, collection and processing cost, transportation costs, electricity 
prices, prices of agricultural products, price level of agricultural waste, fuel prices, employment and the 
business of producing biomass energy. After that developed a mathematical model is needed to present 
the impact of the expansion of the production of biomass to changes in economic variables, using the 
regression model to plan and manage the forecasts as follows;
 
Y = a +bX1+cX2+dX3+eX4+fX5+gX6+hX7+iX8+jX9+e    (2) 
where  Y   =  amount of biomass utilization 
X1to X9  =  the factors as mention above 
A  =  constant 
b,c,d,e,f,g,h,i,j = coefficient
e   =  error 
2.2. Potential of Biomass Power Plant in lower Northern region of Thailand 
 High potential of agricultural waste can be utilized for biomass power plant in the Lower Northern 
Region of Thailand. The calculation is reference from the biomass consumption rate for one Megawatt 
Biomass power plant which is presents in table 2 and the plant factor is 20%. 
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Table 2. Biomass consumption rate for 1 MW Power Plant [2] 
Biomass Ton/Year/MW 
Rice husk 9,600 
Rice straw 10,500 
Bagasse 17,600 
Cassava rhizome (fresh) 23,600 
Corncob (fresh) 13,500 
Corn stem 13,200 
 From the survey, 100% agricultural waste may not be utilize for electricity due to the alternative 
purpose of agriculture farming. This paper presents different ratio of biomass utilization potential for 
power plant from 100%, 90%, 80%, 70%, 60% and 50%, respectively. Thus, the capacity of biomass 
power plant in the Lower Northern Region of Thailand is 500 MW, 450 MW, 400 MW, 350 MW, 300 
MW and 250 MW, respectively. 
2.3. CO2 Mitigation from the Biomass Power Plant in the community 
The CO2 mitigation calculation is applied from Annex 12 Methodological tool (Version 01.1) “Tool to 
calculate the emission factor for an electricity system” [3] and Biomass Power Plant Emission (Project 
emission PEy) [4], [5] The study of CO2 emission from 250 MW to 500 MW of Biomass Power Plant 
with operating hour is 24 hours and 330 days per year by apply UNFCCC, Project Design Document 
Form (CDM PDD) Version 03.1 under criteria of ACM0006 “Consolidated methodology electricity 
generation from biomass residues” which is approved by Executive Board: EB as formula (3)
 PEy  =  PETy + PEFF,y + PE Biomass,CH4,y                               (3) 
where
 PETy  =  Emission due to off-site transportation  
 PEFF,y   =  Emission due to combustion of start-up/ auxiliary fuel   
 PE Biomass,CH4,y  =  Emission due to combustion of biomass plant    
3. Results and discussion 
During 2003- 2008, an average of agricultural product such as paddy, corn, sugar cane and cassava in 
the Lower Northern Region of Thailand is about 30,189,351.80 tons per year. The amount of agricultural 
product is getting growth every year due to the policy of agricultural price guarantee which was launched 
by the government. This is one policy creating the farmer’s confident for agricultural cultivation plan and 
their expanding investment. Besides that both number of farmer and deforestation are also highly increase.   
The amount of agricultural waste or biomass such as rice husk, corncob, bagasse and cassava rhizome is 
about 7,608,080.24 tons per year which is predicting to utilize for power community capacity 250 MW to 
500 MW under 50% to 100% of biomass potential. The CO2 mitigation is 1,000,296 – 2,000,592 tons 
CO2 per year.  
Protesting from the public is one obstacle to promote biomass power plant in Thailand. An approval of 
electricity generation from renewable energy lag of multi-agencies responsibility and faster process is 
needed. The support and promote of the production and use of biomass in community is based on 
enterprises, communities and small entrepreneurs. The government should provide the financial support 
for the Distributed Green Generation. Promote an incentive policy such as adder, feed-in-tariff, ESCO 
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fund, soft loan, revolving fund and subsidy. Lastly, to promote the understanding in renewable energy is 
also important for widespread use.   
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